Rapid population growth in agricultural frontier regions contributes to forest depletion in developing countries. Thanks largely to in-migration from other parts of the country, population growth in the Philippine frontier province of Palawan has been particularly high (4.6% per annum) (Western, 1988) . As a result, agriculture there has expanded into marginal and environmentally sensitive areas. Upland deforestation is acute (Sandalo, 1996) and the efforts of low-income individuals to earn incomes by establishing farms drive much of that. Finding ways to improve rural incomes without jeopardizing forest resources is important in Palawan, as elsewhere.
To intensify and raise agricultural production, the Philippine National Irrigation Administration (NIA) recently constructed or upgraded a number of small-scale communal irrigation systems in Palawan. These systems are in the lowlands, but most are adjacent to inhabited upland forest areas. A priori, the net impact of this new irrigation infrastructure on employment is ambiguous. Irrigation facilitates multiple cropping, thereby increasing the effective area under cultivation. This increases the demand for labour. But. at the same time, irrigation can induce farmers to adopt labour-saving production practices. For example, many researchers have observed that farmers who irrigate often adopt labour-saving methods, such as mechanization or chemical-based weed control (Castillo et al., 1983, Kikuchi and Hayami, 1983; Coxhead and Jayasuriya, 1986: Boyce, 1993; Lingard, 1994) .
This chapter examines how the introduction of lowland irrigation systems, a form of technical progress, has affected the local demand for labour and, by extension, farmers' activities near the forest margins in Palawan. We compare agricultural outcomes in two adjacent and similar rice-farming communities, one newly irrigated and the other rain-fed. The central question we address is whether irrigation development has reduced pressure on upland forests through its impact on the labour market. To answer this question, first we measure how much irrigation has raised the demand for labour on lowland farms and local agricultural wages. Then we examine how upland farmers have responded to new off-farm employment opportunities. We show that by raising the opportunity cost of labour, the new job opportunities in the lowlands induce farmers to participate less in poorly remunerated activities, such as forest clearing and forest-product extraction. Employment on irrigated lowland farms acts as a magnet. drawing upland labour away from such activities.
Section 2 presents the basic framework of our analysis. Section 3 describes the data used, which come from a 1997 farm survey in southern Palawan. Section 4 reports the results. We found that irrigated farms demand less labour per hectare in each cropping season than rain-fed farms. Even so, since they grow more crops per year. it turns out that irrigated farms demand more total labour. Some of the additional workers hired came from the uplands, and upland households that obtained additional employment reduced their forest clearing by a small but statistically significant amount. Section 5 summarizes the key policy implications of our findings.
Lowland Technical Progress and Upland Labour Allocation
To analyse how introducing irrigation affects lowland farms, it is useful to think in the following terms. Imagine that, initially, lowland farms all use one pre-existing technology (rain-fed rice production) and local labour markets are in equilibrium. Farmers rely solely on family labour or combine family, shared and hired labour. They pay hired labour a fixed wage and keep hiring additional labour until the value of its marginal product equals the wage. 2 Now suppose an innovation. such as the construction of an irrigation system to store and deliver water, takes place. If this innovation raises the productivity of labour, farmers will hire more workers. This increase in employment may take the form of more labour being used during a single cropping season, a rise in the number of crop seasons per year, or both. We use the term effective labour demand to indicate the total amount of labour used on a hectare of land in a calendar year. The distinction between how much labour farmers require to farm 1 ha of land in a season and how much they demand in an entire year is important, since irrigation may induce farmers to use less labour in a given season but more labour over the course of the year. Any increase in the effective labour demand will raise the wage rate, since potential workers will require higher wages to be drawn away from alternative activities. Through this mechanism, technical innovation in the lowland sector may influence activities in the upland sector via Labour demand and wage effects.
To fully understand how these mechanisms work, it helps to develop a formal framework for analysing how upland households allocate labour. For Simplicity, we set aside several issues we cannot adequately explore here. Our framework is static and we assume that Labour is the only resource households allocate. We further assume that households have a homogeneous pool of available labour, which they allocate to maximize their economic returns. This implies that how much labour households supply and how they allocate that labour do not depend on their levels of income.
We assume that upland households devote their labour to some combination of three income-generating activities: upland on-farm agricultural production (L U ): forest activity (L F ); and off-farm work in the lowland agricultural sector (L O ). The price of the outputs associated with upland farming and forest activities (P U and P F ) determines the returns from those activities. The amount of output produced by the two activities depends exclusively on the amount of labour devoted to them. We assume that the production functions (Y(L U ) for agriculture and F(L F ) for forestry) exhibit decreasing returns to use of labour. When an upland resident works on a lowland farm, he receives an exogenously determined wage W. This lowland wage is set in a competitive market and depends on the technology of lowland production, which we denote θ . Upland households seek to maximize profit, defined as:
subject to a constraint on total available labour, namely  L= L U + L F + L O . If a household engages in all three activities, then the optimal allocation of labour will occur where the value of the marginal product of labour is equal across activities. The amount of labour households allocate to a given activity will depend on labour productivity in the three activities and all prices, including the lowland wage. Admittedly, in many instances, not a households engage in each activity. In addition, the local economy may not demand as much hired labour as households wish to supply and, if wages do not fall enough to clear the market, employers may ration available jobs by non-price mechanisms. If no markets exist for certain products, households will allocate their labour based on implicit shadow prices, which may deviate from market prices due to transaction costs, risk aversion and the covariance of risks across activities (Sadoulet and de Janvry, 1995) . None the less, the simple framework outlined above still provides a useful starting-point for analysing optimal labour allocation.
We are now in a position to develop our main hypothesis. Consider a change in lowland technology that leads to an increase in the agricultural wage. Households could now earn more if they shifted some of their labour upland farming or forest clearing to working off-farm. In other words, the change in wage rates leads households to re-equate marginal returns to labour. If, as seems reasonable, all three activities exhibit diminishing returns to labour use, the only way they can do this is by reducing both L U and L F (so the values of their associated marginal products rise). Which falls more depends on the technical characteristics of production. Nevertheless, the underlying logic leads us to a testable hypothesis: irrigation development in the lowland agricultural sector reduces participation in forest-degrading activities.
The Data and the Survey Area
We collected the data used for this study on lowland and upland rice farms in two communities of southern Palawan in 1997. The lowland sample includes data from 56 farms in Marangas (municipality of Bataraza), of which 46 (82%) were irrigated, and data from 42 farms from Tamlang (municipality of Brooke's Point), of which 35 (83%) were rain-fed. This represents 38% and 34% of each community's population, respectively. The upland sample includes 104 farms adjacent to the lowland study areas (50 from Marangas and 54 from Tamlang), which are all on or near the forest margin. These represent approximately 30% of the underlying population. Figure 18 .1 indicates the location of the study sites. Martinez and Shively (1998) discuss the sites and surveys in greater detail.
The study area has a distinct dry season from January to March. which makes it difficult for farmers to obtain multiple rice crops without irrigation. During the rest of the year, rainfall is generally adequate; annual rainfall typically exceeds 1600 mm. The region has slightly acidic clay loam soils with a pH of 5-6. The terrain in most upland farms in the sample had a slope of over 18%. Upland elevations extend to 1500 in above sea level.
The area's main staple is rice and its main cash crop is maize (Garcia et al., 1995) . Half of a lowland farmers reported receiving loans during the study period, but few upland farmers had access to credit.
Although the two lowland communities surveyed had similar demo graphic features and incomes, their average farm sizes differed significantly. Average farm size was 2.6 ha in Marangas and 5.1 ha in Tamlang. (The largest farm in the sample was 12 ha.) Table 18 .1 illustrates differences observed between irrigated and rain-fed farms. Except for the amount of labour hired per hectare in each cropping season. the mean values for irrigated farms all differed significantly from those for rain-fed farms, at a 90% confidence level.
Results
As expected, irrigated farmers had higher average physical yields (3639 kg ha -1 vs. 3200 kg ha -1 ). The most important effect of irrigation, however, was to allow farmers to grow more crops on each parcel of land. Irrigated farms had an average cropping intensity of 1.9, whereas the cropping intensity of rain-fed farms was only 1.2. Irrigated farms used both less family labour and less total labour per stare during each cropping season (13 and 37 man-days ha -1 compared with 20 and 43 man-days ha -1 , respectively). However, they used more hired labour. This suggests that the introduction of irrigation led lowland farms to replace some of their family with hired labour.
On both irrigated and rain-fed farms, the amount of labour used per hectare decreased with farm size, especially family and shared labour. This reflects, in part, modest increases in use of tractors and chemicals (especially pesticides) on larger farms (Martinez and Shively, 1998) . Table 18 .2 presents some mean values for the upland households surveyed. Eighty per cent of these households reported receiving earnings from off-farm work. While not all of that was on lowland irrigated farms, upland households in Marangas (the irrigated site) were far more likely to have one or more members working off-farm than those in Tamlang (the rain-fed site). On average, households with members that worked off-farm had slightly smaller farms (2.0 ha vs. 2.5 ha) and lower incomes (P13,566 year -1 vs. P18,255 year -1 ). At time of the survey US$1 = 25 pesos.
Even before irrigation was introduced, hired labour constituted 63% of all labour used on lowland farms. Lowland farmers used upland labour widely, in particular for land preparation and harvesting. Cruz et al. (1992) report similar links between upland and lowland communities elsewhere in the Philippines.
Upland households with off-farm workers participated more in activities with low returns, such as hunting, charcoal-making, resin collection and forest clearing. On average, upland households with off-farm employment cleared 0.18 ha year -1 , while households without off-farm work cleared only 0.10 ha. A separate study by Shively (1997) found similar strong links between poverty, farm size and forest pressure in the area.
Based on the deforestation rates reported by our survey respondents and the fact that we surveyed approximately 30% of the total population, we estimate that the total area of forest farmers cleared in the two communities was roughly 55 ha in 1996. This compares with an estimated total upland agricultural area of approximately 728 ha. Thus, recently cleared areas probably represented about 7% of the cropped area in the upland sample. Not all of the area cleared, however, involved destruction of primary forest, Other evidence from the study site suggests that about 30% of the area cleared in 1996 was virgin forest, 46% was degraded or secondary forest and shrubs and 4% was grassland. Table 18 .3 summarizes our main findings regarding irrigation's impact on lowland labour demand. As noted previously, irrigated farms used less labour per hectare during each cropping season than rain-fed farms, but had higher cropping intensities. As a result, irrigated farms had an effective labour demand of 70 days ha -1 , 27% higher than on rain-fed farms, which had an effective labour demand of only 55 days ha -1 . Both lowland and upland farmers reported that irrigation generated a 'boom' in the local labour market. As a result, wages rose from P45 day -1 in early 1996 to P75 day -1 by 1997. Table 18 .4 provides key data on the changes in lowland labour markets resulting from the irrigation projects and how upland households at the irrigated site responded to those changes. The proportion of households that cleared forest fell from 18% (19 households) to 12% (12 households) and the average area cleared (by those reporting clearing) declined from 2.5 ha to 1.9 ha. Taken together, these statistics suggest a 48% decline in the amount of forest upland households in the community cleared annually after the irrigation systems were installed (47.5 ha vs. 22.8 ha). The observed changes in the percentage of farmers clearing forest, in the average area cleared and in wages following the introduction of irrigation are all statistically significant. Although the area planted to rice (the staple crop) remained the same following the introduction of the irrigation systems, the average area planted to maize (a cash crop) fell from 1.20 ha to 1.05 ha among households who planted maize. This suggests that farmers decided to obtain more of their cash income from off-farm employment after off-farm wages rose but continued to plant the same amount of crops for their own consumption.
Unfortunately, our data do not permit us to fully assess the changes in upland households' welfare following the introduction of irrigation. However, the considerable improvements in employment opportunities and offfarm wages suggest that lowland irrigation increased at least some upland households' welfare. Taken together, the data on employment and wages suggest that average wage income rose nearly threefold, following irrigation, among upland households that engaged in off-farm work. All upland households surveyed reported that lowland irrigation had either increased or at least not decreased their economic welfare.
Although our results are encouraging, we have been able to observe only the initial impact of irrigation on lowland labour demand. Irrigation arrived in the area recently and, while farmers are clearly enthusiastic about the new technology, many admitted facing difficulties in managing their farms using irrigation. Thus, it seems prudent to analyse whether current farmer practices are likely to continue. What if lowland farms are in a process of adjustment? What if the logic of profit maximization eventually leads lowland farmers to use less labour-intensive technologies? Can farmers sustain the observed rates of labour use? Could the beneficial impacts of irrigation on rates of deforestation disappear?
To get at these questions, we derived an estimate of 'optimal' labour use on irrigated farms from a production function based on plot-level data from the lowland sample. We report results in the final row of Table 18 .3. This estimate is designed to provide insights into the possible long-run impact of irrigation on lowland labour demand. To compute the estimate we followed a standard -if somewhat simplistic -approach to forecasting labour demand. We first formulated a Cobb-Douglas production function and estimated it econometrically.
We then used the results to derive profit-maximizing input levels, given Observed input and output prices. By estimating optimal labour use under irrigated conditions and comparing these results with input levels observed among representative rain-fed and irrigated farms, we can draw inferences about possible future changes in labour demand. 3 Table 18 .5 contains results from the production function used to derive labour estimates. All the parameter estimates have the expected signs and, except for the estimate for pesticide use, are significant at the 95 % confidence level. As expected, the results suggest strongly diminishing returns to input use. The negative sign on the farm-size variable implies that smaller irrigated farms in the sample were either more efficient in their production or occupied more productive land. Regressions were conducted at the plot level and were corrected for heteroskedasticity. The symbols * and ** denote significance at 10% and 5% test levels, respectively.
To think about how irrigation might eventually affect labour demand, it help to imagine a stylized two-stage process. In stage I, rain-fed farms become irrigated and employ (possibly suboptimal) input levels such as those observed among the irrigated sample, In stage II, these newly irrigated farms adjust to employing profitmaximizing factor proportions and levels. Our results suggest that whether farmers use more or less fertilizers and pesticides following the adoption of irrigated systems depends on whether they are in stage I or stage II.
As we saw previously, since adopting irrigated systems (stage I), the amount of labour each farmer demanded per hectare during each cropping season fell from 42.7 days to 37.1 days. Based on our regression results, in stage II we would expect farmers to further reduce labour demand per hectare to 33 days. This suggests that some of the observed gains in employment arising from irrigation -and associated reductions in forest clearing -could evaporate if lowland farmers reallocate inputs to profit-maximizing levels. However, as the final columns of Table 18 .3 indicate, effective labour demand would probably still remain higher than in the rain-fed situation. Further simulations with our model show that suboptimizing behaviour in the dry season could lead to an overall reduction in annual labour use of up to 2% ha -1 compared with the amount used by rain-fed farms. The story that emerges, therefore, is that, while the short-run impact of irrigation on forests may be beneficial, the long-run impact will depend on whether irrigated farms seek and achieve profit-maximizing factor intensities and, if so, whether irrigation in the delivery area is fully utilized during the dry season.
Conclusions and Policy Implications
In Palawan, natural population growth and migration rates influence the size of the agricultural labour force. As in other frontier areas, agricultural expansion, timber and fuel-wood collection and charcoal-making threaten the province's forests. The persistence of activities that degrade forests reflects lack of economic opportunity and low economic returns from current agricultural options. This study examined the pathway though which investments in lowland irrigation development increase agricultural productivity and wages, and how these, in turn, generate employment opportunities for households that rely on forests for agricultural land and timber. Where upland and lowland communities are close to one another, increased employment resulting from irrigation development can draw pressure away from the forest margin.
Our results suggest that lowland irrigation projects can raise employment among upland residents and improve their welfare. In the example studied here, this change led households to allocate less time to upland forest clearing and hillside farming -especially of cash crops. This implies that lowland agricultural intensification can have beneficial impacts on adjacent upland forests. However, we must qualify these conclusions in four regards. First, the area described here is unusual, in that the upland area is physically adjacent to the lowland area. For most upland households, working on lowland farms required only a 1h trip on foot. If larger distances separated the lowland and upland areas, the opportunity cost of travel for upland households would be much higher and could discourage upland households from seeking employment on lowland farms. Secondly, the adoption of mechanization direct seeding, chemical-based weed control and other labour-saving technologies could lead irrigated lowland farms to shed additional labour in the future and hence partially reverse the employment gains we observe. Thirdly, our study has not addressed the role of input pricing policies. The relative cost of labour and inputs that can substitute for labour partially determine how much labour farmers demand. Some sets of relative prices could undermine the labour absorption we observed in this case. Thus policy-makers should take into account the environmental gains associated with labour-intensive production in frontier areas, when considering economy-wide policies that discourage labour use, by reducing the relative prices of fertilizer, pesticides and machinery, such as tractors. Finally, since irrigation may significantly increase farmers' incomes, policy-makers should pay attention to how these higher incomes translate into new patterns of consumption and investment. While many potential investments by upland farmers do not necessarily pose a threat to adjacent forests, others -such as purchases of livestock or chain-saws -clearly do.
Our analysis demonstrates that irrigation reduces labour demand per 'hectare per cropping but raises total Farm size (ha) -0.0200** (0.0010) R 2 0.32
Number of observations 105 labour use per hectare in a calendar year and that encouraging labour use in lowland agriculture can reduce upland deforestation. To the extent that off-farm labour displaces environment-and forest-degrading activities with lower rates of return, shifts in time allocation ;nay increase incomes at the same time as they reduce environmental pressure. The more important policy lesson, however, is that the labour market plays a key role in facilitating environmental improvements. For this reason, policy-makers should embrace opportunities to expand employment and labour-market participation, especially in areas where upland deforestation is a continuing problem. 
